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SOVIET RESRARCH ON STRESS CORROSION OF MRTALS
[Comment: myig report presents excerpts from the book Issladoy- ..
aniye Korrozii Metallov Pog Davleni. (Investigation of ths Stress
Corrosion of Metals), edited by G. v. Akimov, publigheq in Moscow in
1953 by Mash

g1z, The book comprises eight articles 8iving results of
research on the stress corrosion of metalg conducted at the Central

Selentific Research Institute of Technology and Machine Building. ]

EFFECT oF ATMOSPHERTC CORROSION (N FATIGUE STRENGTH
OF STRUCTURAL STEEL

A. v, Ryabchenkov, Candidate of
Technical Sciences

Ye. L. animirovskaya, Bngineer

Introduction
=—Jvuciion
One of the most common types of meta] corrosion ig atmospheric corrosion,

About 804 of a13 metal structures are subject to atmospheric corrosioq,
Millions of tons of metal are annually used to replace corrodeq structures.

Availsble experimental dats and practical observations indicate that the
corroaion of structural ang low-alloy steels ig conaiderably increased in
industrial ang seaghore regiong. This decrease i corrosion resistance ig
caused by the salt particles and corrosio.n-nacuve &ases present in the atnos«
Phere.

All datas on the atmogpheric corrosion of metals in both Soviet and for-
eign literature &re concerned with metal in a gtatic condition., There is no
information op the effect of atmospherice corrosion on the fatigue strength
of meta),

This article, therefore, attempts to establish a method Tor testing cor.
Tosion fatigue undep conditiong of atmospherie corrosion and tgo study the af-
fTect of various atmospheric conditions on the fatigue strength of grade h5
structural gteei,

Method

Quency of 2,800 cycles per minute. [Comment ; Article contains line draving
and description of machines. )

The stesl tested, grade 45, has the following chemieal composition: o,
C, 0.28 gy, 0.68% Ma, 0.017% 3, and 0.023% P. ‘Before the fabricetion of the
test specimens, the steel blanks were Bormalized at 840-8600¢. Inasmuch as
the rate of corrosion increases ag the air humidity ana the aggressive &8s
content of the atmosphere increase, the corrosion-fatigue tests were run in
three media: in air, in a Lumiq atmosphere in which the relative humidity
was near 100f, and in a humid atmosphere in which the relative humidity was
near 100% and which contained sulfur dioxide, e
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tilled water was introduced into the container through an opening near the
bottom. The gauge length of the specimen was then situated above the water
and was thus subject to the corrosive gction of the humid air.

To ereate the third medium, an 0.02-§ concentration of sulfurous acid wvas
poured into the bottom of the container. The medium in the container then
contained sufficient quantities of 502, Hy0, and air. .

Test Results
==== _Te5ults

The test results indicate that humid air decreases fatigue strength 11.5
bercent more than air at room humidity, while humid air with an 0.27% 502 con-
tent decreages fatigue strength by 18.2%.

From these data it may be conciuded that the corrosion-fatigue resistance
of grade 45 steel is noticeably decreased in an atmosphere of humid air and
especially so in the Presence of 505. [Comment: Article includes sketch of
externai appearance of specimens subJjected to corrosion-fatigue tests in var-
ious atmospheric media.] Tests conducted in room air caused practically ng
visible corrosion. The surface of specimens tested in humid alr had a notice-
able corrosive coating of a relatively thin and porous film which could be
easily removed, thug indicating a weak bonding to the metal, especially in
the zone of maximum stress. In specimens subjected to a humid air and 502 me-
dium, a comparatively thick layer of corrosive Products was formed.

. The metallographic examination of specimens subjected to corrosion-fatigue
tests in pure humid air and humigd air-50s media indicated corrosion-fatigue
fractures in the zone of maximum stress.

Conclusions
Lo roslons

Atmospherie corrosion in a humid atmosphere or especislly in the presence
of sulfur dioxide significantly dacreases the alternating stress strength of
grade 45 structural gteel.

Experimental data indicate that reliable fatigue strength index of parts
subjected to natural atmospheric conditions cannot be obtained without taking
into consideration the effect of the surrounding medium.

These experiments pose for researchers a nev task having great practical .
importance -- the development of means to increase the corrosion-fatigue .
strength of the grade b5 steel sub jected to atmospheric corrosion.

Literature

[Comment: Article lists & 1945, 1949, and 1951 Soviet source and a 1937
German source. ]

SURFACE HARDENING AS A MEANS OF INCREASING CORROSION-FATIGUE STRENGTH
UNDER ATMOSPHERIC CORROSION CONDITIONS

» A. V. Ryabchenkov, Candidate of
Technical Sciences
Ye. L. Kazimirovskaya, Engineer
Introduction
The surfaces of machine parts operating under dynamic stress have a dew
creased fatigue strength. It follows, therefore, that as a whole the alter- {

nating stress strength of the ‘part depends largely cn the condition of the sur- 1
face.
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Such hardening, hevever, can be consequential only in increasing the
strength of smooth steel pParts free of any stress raisers.

The authors tested three types or surface hardening: cola shot blasgt
hardening, inductson hardening, and nitriding.

Tested Material ang Corrosive Media

All corrosion-fatigue testg were conducted on YaK-8 machines designed by
S. I. Yatskevich. The machines were capable of measuring the fatigue strength
of specimens subjected to Symmetrical flexure at a frequency of 2,800 cycles
ber minute in various atmospheric media. Structural steel, grade AS, was used
as the tesgt material; the steel has the following chemical composition: 0.4l c,
0.2% si, 0.58¢ Mn, 0.017% S, and 0.023% P. Before the fabrication of the
test specimens, the Bteel blanks were normalized at 8L0-860°,

Tests were run in two corrosive medla: in air with a relative humidity
of 504 and in air with a relative huridity of about 100% containing 0.27% S0s.
[Comment : The method used vas the same as used. in the experiment described
in the firgt article.]

Test Results on Shot Blast Hardened Specimens

Cola hardening 1g widely used in the machine—building industry. It has
been established that cold hardening increases the strength of etel, partjc-
ularly fatigue strength. The plasticity of metal ig only inconsequentially
changed by cold working while stress.raiser induced fractures are considerably
Qecreased. Surface hardening has tvo effects on the alternating—stress strength
of metal: it inéreases the surface strength of the metal while also creating
favorable changes in the surface stress.

Cold working the surface also increases the corrosion-fatigue strength in .
neutral and veak-acid corrosive media.

Shot blast hardening increased the corrosion resistance of grade 45 gteel
specimens by 1024 in a 3% solution of NaCl, and by 164 in a solution of 0.5 N.
NeCl4-0.01 NeHC1.

The data cited brovide a basis for presuming that shot blast hardening
will also increase corrosion-fatigue resistance under atmospheric corrosion
conditions.

In the corrosion-fatigue testing of shot blasted specimens, it wag shown
that humid air, in the Presence of sulfur dioxide, decreases the resistance
from 35 to 31 kg/sq mm, i.e., by 11.5%. However, in comparing the corrosion-
fatigue curves [given in article; not reprodused in this report] plotted for
specimens in an atmosphere of humid air with a 0.27% 50> content vwhich were
not cold hardened by shot blasting with those which were so cold hardened, it
is clearly seen that shot blasting increases corrosion resistance in this
medium from 2k to 31 kg/sq mm, i.e., by 294,
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ing 8ue strength of structural steel subject to atmospheric corrosion

Therefore, shot blasting may be regarded as & suitable means of increas- { N
the fati L
(humid air containing soa).

The metallographic analysis of shot blasted specimens subjected to cor-

rosion-fatigue tests under atmospheric corrosion conditions indicated cor- 3.
rosion-fatigue fractures. v£ * L
. . B
Test Results of Surface Hardeneg Specimens ) J-
. - ;l
Induction hardening is used prirarily as a means of inereasing wear re- ‘ )

sistance ag well as increasing Tatigue strength. The effectiveness of in- i
duction hardening parts subject to fatigue cannot be doubted. In rany cases,
service life of vital rarts was lengthened as a result of induction hardening. b

Experiments conducted in the Central Scientific Research Institute of
Heavy Machine Building, however, uncovered a new and very valuable broperty of
induetion hardened steel -- its high cerrosion-fatigue strength in many liquid,
corrosive media.

This characteristic of steel, as well as its high fatigue strength, re-
sults primarily from the considerable residual stresses in the kardened sur-
face.

The cause of these residunl stresses is, in this case, the structural
transformations oceurring in the metal during heat-treatment. Consequently,
it was of great practical intereet to test induction hardening ags a means of
increasing corrosion-fatyigue strength under atmospheric corrosion conditions.

Induction hardeneg grade 45 steel Specimens were tested in two media; 1ip ;
air and in an atmosphere of moist air containing 0.27% 502. ;

From the curves [given in article; not reproduced in this report] plotted
on the basis of the tests, it can Le seen that 8 corrosive atmosphere of humid
air containing sulfur dioxide decreases the strength of surface hardened steel i
by 164. 1In this medium, hevever, surface hardened steel hag a considerably !
greater corrcosion-fatigue resistance than nonhardened steel. In point of
fact, nonhardened steel specimens have g registance of 24 kg/sq mm, wvhile in-
duction hardened specimens have g resistance of 52 kg/sq om.

On the basis of these tests, induct:ion hardening zan be considered an
altogether suitable means of increasing the corrosion~fatigue strength of
parts subject to atmospheric corrosion.

. 1
Test Results of Nitrided Specimens 1

Nitriding is now widely used as a means of increasing the service life
of many vital parts.

There are two types of nitriding: hardening and anticorrosion. Anti-
corrosion nitriding is an effective method of increasing the corrosion-fatigue
strength of structural steel.

Experiments conducted at the Central Scientific Research Institute of
Technology and Machine Building indicate that the fatigue resistance of
N grade 35 steel, as a result of a short-term nitriding is increased 40% when
tested in air, and 1164 when testieq in water.

-~
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The high corrosion-fatigue resistance of nitrided steel results from the
following circumstances: in the nitriding process, as in other types of sur-
face hardening, desirable residual stresses of compression occur in the peri-
pheral layer of the metal which considerably diminish the sensitivity of the
metal to stress concentrations. Moreover, nitriding causes steel to acquire
gocd protective pProperties in such media as water and industrial atmospheres.

Tests were conducted on nitrided specimens of grade L5 steel to check the
effectiveness of aenticorrosion nitriding as a means of 1ncreasing the fatigue
resistance of structural steel when subjected to atmospheric corresion.

The specimens were nitrided at a temperature of 600°% for 1.5 hours with
2 45 ammonia breakdown ir electric furnaces. )

As & result of nitriding, the corrosion-fatigue resistance of grade L5
steel, in an atmoephere of humid air containing sulfur dioxide, increased
from 2k to 34.8 kg/sq mm, 1.e , by Lsg.

On the basis of these data, short-period nitriding can be regarded as one
Possible means of increasing the fatigue strength of parts subject to atmos-
Pheric corrosion.

Conelusions
———__5ions

A1l the investigated types of surface hardening, i.e., shot blasting,
induction hardening, and nitriding, considerably increase the alternating-
stress strength of grade 45 structural steel in an atmosphere of humid air
containing 0.27% 50p. The most effective method of increasing corrosion-

<3 fatigue resistance under atmospheric corrosion is through high-frequency
induction hardening.

The corrosion resistance of grade 45 steel, in a medium of humid air con-
taining sulfur dioxide was found to have been increased 29% when cold hard-
ened by shot bluisting, 21T% when induction hardened, and L5% when anti-cor- :
rosicn nitrided. . i

Literature

[Comment : Article lists 11 references under this heading; all are Soviet
and ten show & publication date of 1948 or later.

CAUSES OF BOILER DAMAGE

V. M. Nikiforova, Candidate of
Technical Sciences
5. G. Vedenkin, Professor

Scoge !

This article studies the typical demages occurring in the steam boilers
of river ships. .

Previous studies have contributed considerably to understanding the rea-
sons for the damages Prevalent in river-craft bollers. Hovever, these studies
huve not sufficlently examined questions pertaining to the physicochemical
processes involved in the destruetion of boilers,
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To conduct the tests described in this article, some metal 8pecimens eyt
from demaged bortions of ship steam boilers manufactured in various years
(1903-1935) were sent to the corrosion department of the Central Sctentific-
Research Institute or Technology and Machine Building. [Comment: Article
glves data on the damaged boilers and photographs of the specimens therefrom. )

The most characteristic defects in the metal consisted of fractures and
corrogion. The determination of the character and the causes of these defects

mens, deierminacion of the physical properties of the meta) (strength, yield
point, Proportional limit, coefficient of compression, etc.), determination
of the quality of the water used, and establighment of special tests for
studying the effect of structural changes in 3K boiler steel on resiliency
at variousg temperatures) and the tendency toward fracture while subjected to
stress ang aggressive liquid media,

Chemica) Coggosition

In its chemical analysis, the metal of most of the damaged boiler parts
was satisfactory. [Comment : Article gives results of the chemical analyseg
for the various botlers. ] Except for one boiler, it is believed that the
composition of the metal had np noticeable effect on boiler damage. In all
cases except two the steel was rimmed.

The authors believe that river-ship boilers should be made of the 15K
and 20K steel which is eurrently being used for stationary boilers.

- Physical Properties and Steel Strueture

The results given in article of the physical tests run on specimens taken
from damaged boilers indicate that the metal itself is not defective. The ten-
sile strength ang Plasticity of the metal are normal for boiler steel, There-
fore, the resultant damages in the boilers cannot be ascribed to unsatisfactory
physical Properties.

ollers there occurred the complete or nearly complete
dissociation of pearlite with the formation of structurally free cementite, '
This indicates that the damaged parts of these boilers were operated at very :
high temperatures.

Characteristics of Boiler.Dnmage

Intercrystalline fracture occurred in two of the ship boilers.

Thermophysiecal fractures, with fracture in the firebox (intracrystalline)
oceurred in one of the boilers, while fracture in the steam chamber (under a
thick layer of scale) occurred in two of the bollers. Fractures resulting
from unsatisfactory physical properties in the metal (low resiliency at 0°C)
with a simultaneous violation of maintenance repair were found in one boiler.
Another boiler had fractures which could be ascribed to an unsatisfactory
chemical composition (high Phospherus and sulfur content).

Corrosion damage to boiler rarts subject to alternating stress and aggreg-
sive media (stress corrosion) occurred in two cases.

The following factors were found to be respongible for the intercry-
‘stalline corrosion of boiler parts: high alkalinity of boller water with low
content of soluble salts, the presence of high stresses in portions of the
boiler causing admixtures to become separated from the boiler water (adndxtures
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which are active in relation to the stressed metal), and the presence of gaps i IOl
and small cracks in the boiler into which the water can seep and in vwhich the {j | 3 CEERER)
admixtures are deposited once the water evaporates. I

. i, ) -
There {s still no uniformity or clarity of thought on the mechanics of lé& ok
the action of alkali on stressed metal.

'.‘ .
a

Investigations make it possible to establish a relationship between the

stability of boiler steel subject to tensile stress and the concentration of

.
the alkaline solution. The higher the concentration, the less the resistance b ' 5
of the metal when under uniform stress. ‘ N

Individual boller parts may be operated under alternating stress. Among
such parts are the firebox walls. When the firebox is heated, the metal on i
the fire side expands to a greater degree than the metal on the water side.
If this cycle is repeated several tires, corrosion-fatigue fractures may ap-
Pear. High temperatures and aggressive gases may serve to decrease the fa-
tigue lirdi of steel under such ¢ircumstances.

The prineipal types of corrosion darage in steam boilers are damage in

the water chamber of the boiler caused by electrochemical corrosion, and
damage in the firebox caused by gas {chemical) corrosion.

Since carbon steel is resistant to gas corrosion in the 400-4509C temper-
ature renge, such corrosion ray occur ounly as a result of abnormal operating
conditions and considerable scale deposits. In such cases, the firebox wail
temperetures may rise to 500°C and more.

Methods of Preventing Fracture and Corrosion in Steam Boilers

Fractures and corrosion are the result of the simultaneous action of many
factors. Their prevention, therefore, should also proceed along several lines. :
The following measures can be recommended: the use of stronger and more cor- : !
rogion-resistant metal in boilers and fireboxes, improvements in boiler de-
sign to decrease stress concenirations, heating and degasification of water
before 1ts introduction into the boller, and improving the water processing
and eliminating the possibility of thick scale formations.

Our research on the corrosicn resistance of steels indicated the advis-
ability of using the lov-alloy, chromium-nickel-copper NL-2 steei with a some-~ ; .
vwhat decreased carbon and copper content, This steel was found to be superior i
to carbon steel in its corrosion-res<stant properties.

Conclusions

1
The thorough study of metal specimens taken from ten damaged river-ship )
boilers indicated that the damage resulted from both fractures and corrosion. .

1 |
This article provides a detailed analysis of the possible causes of frac- ‘

ture and corrosion in relation to metal quality, boller design, and operating
conditions (water quality).

The initial quality of the metal, studied in relution to chemical compo-
sition and physical propertiecs, in all cases but one (which had a very high
sulfur content) corresponded to normsl boiler steel and therefore may not
have been the cause of the damnges.

Metallographic examinations indicated that metal from some of the boilers
had an abnormal structure.

A Al
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The appearance and growth of fractures in most of the bollers was the re-
sult of high thermophysical stresses caused by high temperature drops in some }
parts of the boilers.

Some fractures can be ascribed to the boiler water, to cold repair, and to
Poor welding. -

Corrosion in some boilers was the result of the simultaneous action of
fggressive admixtures in the water (oxygen, carbon dioxide, and soluble salts)
and great stresses which destroyed the protective oxide coating.

Suggestions have been made as tu hov bollers can be improved and protected
from fractures and corrosion.

Literature

[Comment: Article cites eight Soviet references, four of which show pub-
lcation dates of 1950 or later. |

EFFECT OF TECHNOLOGICAL FACTORS ON INTERNAL STRESS IN THE
ELECTROLYTZC DEPOSITION GF CHROMIUM

A. V. Rykova, Candidate of
Technical Sciences

Introduction
Chromium plating is used to pProvide resistance to corrosion and wear., !

Porous chromium plating, primarily to increase the wearability of piston
\ rings and cylinders in internal -combustion engines, has lately come into wide :

use. The presence of pores in the chromiun-plated surface also serves to
facilitate lubrication,

A major disadvantage of chromium plating is internal stress. Considerable
tensile stresses emerge in chromium electroplating because of the strong bond
between the chromium and the base netal and, if the tensile stress of the plate
exceeds the base metal tensile strength, fracture results.

Although internal stresses in galvanic plating are of great practical and
seientific interest, the matter has been insufficiently studied, especially
as 1t pertains to chromium.

This article is concerned with the study of the relationship between the
degree of internal stress in electroplated chromium and the following factors:
current density, temperature and conceniration of the electrolyte, plate thick-
ness, cathode material and the preparation of its surface before Plating, and
the quantity of atomic hydrogen absorption during the electrolytic process.

Review of the Literaturs

[Comment: .Article conteins an extensive discussion of previous research
on this topic.])

Method
Of the two existing methods of studying internal stress in galvanie plates,
the flexible-cathode and the X-ray method, the first was selected.

-8 -
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The advantage of this method 45 that in X-ray analysis {t ig Possible to
measgure stregg only after the termination of electrolysis, and then only in a
thin surface layer, whereas with the flexible-cathode method it ig Possible to
8tudy styegg during the electrolysig Process itself,

one side of g Steel plate and lacquering the other. During the electrolysis
Drocess, the DPlate flexeg toward the gelvanie coating. Thege flexures ip.

[Comment: Article describes specimen selection ang preparation, testing
€Quipment, and tegy Processges. ]

The relationship of internal stress in electroplated chromiun to current
density and temperature was studieq at 50, 55, and 60° temperatures and at
current densitieg of 10, 15, 2 » 36, 35, 50, 80, 90, 100, ang 120, amp/sq dm.
The test resultg indicateq that at g temperature of 6500 and g current density
of 15 8mp/sq dm the Stregs ig Breater thep gt current densitieg of 25-35 amp/sq dm;
in increaaing current density to 8o amp /sq dm, stress Tises to 37 kg/sq mm. It

density 18 then increageq to 120 amp/sq dm, the stresses in the chromiun plate
do not rise but even fgll g little,

At temperatures of 50 ang 550, the Teverse is trye; a8 current density
is increaseg to 35 amp/sq dm, internal stress increages but then slowly de-

Dreparation on internal stress, and. the development of chromium and
nickel Plating methods to decreage internal stresg. The results of
these tests are given. They are summarizeq by the author in her

Conclusiong
=== 5lons

The stresses in electroplateqd chromium are ag high ag 37 kg/sq mm
at a plate thicknesg of 30 microns. Current density apg electrolytic temper- ‘
ature have & very great effect gn degree of stress,

2. A relutionship has been establisheq between residual tensije stress
and plate structure apg hardnpessg,

3. It hag been establisheq that the microgeometry of the surface of the ‘
base metal has g substantia] effect on the degree of internal stregg in | : ;
chromium plate.

L, 1% has been found that there 1s no direct relationship between the
hydrogen content inp the chromium plate and the internal stresg,
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6. The heat-treatment of chromium-plateq parts (200-25000) decreases the
strength by 308. Experimengal investigations have shown that annealing chromiyg-
Plated specimens at 450-550¢ signii‘icantly decreases internal stresses almost
to the vanishing point and effects g corresponding increase in the strength of
the steel. -

On the bases of the investigationg conducted, the following meang of elim-
inuting interns) stresses in chromium ang nickel Platings may be recommended :

l. fThe surface should be carefully polished before plating.

2. In parts subject to alternating stresses, low current densities should
be used, 25.35 amp/sq dm, at 65°C, and 80-100 amp/sq dm at 50-55°¢.

3. Chrondum-plated parts should be annealed at temperatures higher than
those Currently used, numely at L400-45000, There was ng decrease in chromium
Plate hardness observed in thig temperature range. If the orerating conditiong
de not require great hardness, it 1s more expedient to anneal gt 650°¢,

Literature

[Comment : Article citeg 32 references including 23 Soviet. Two of the
Soviet sources bear Publication dates of 1950 op later.]

EFFECT oF TECHNOLOGICAL FACTORS ON INTERNAL STRESSES IN
NICKEL PLATINGS

A. V. Rykova, Candidate of
Technical Sciences

Relationshig of Internal Stress to Current Densitx! Temp_erature, and
Electrolytic Composition

Some data have been published on the relationship of internal stress in
nickel Platings to temperature, composition of electrolyte, and eurrent den-
sity. In most cases however, the research was conducted under dissimilar
conditions, not Permitting a comparison of the results.

My investigation of internal stregg was by the flexible-cathode method.
Steel plates magde of grade 10 steel were used as the cathodes.

The effect of internal stress on the strength of nickel plateq specimens
was studied on specimens made of grade 45 structura)l carbon steel.

Before meking the §pecimens, the blanks vere normalized at 840-860°¢.

The tests indicateq that stress increases as current density ig increased;
stress is greatest (28 kg/sq mm) at 5 amp/sq dm.

Tests also indicated that an inerease in electrolytie temperature decreases
stresses in the Pluting.

- 10 -
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It was found that ap acidity of the electrolyte solution of rH L.5, 5.0, ;
5.5, and 5.7 does not affect internal stress., N

Investigations showed that the internal stresses in nickel plate gt a
current density of one amp/sq dm and an electrolyte temperature of 209, hag
N0 relation to the cathode pateriel, but depends rather on the condition of
the cathode surface. .

As Previously stated, nickel plate has considerable residual tensile
stress (up to 28 kg/sq mm) when deposited from en electrolyte with a nickel
sulfate concentration of 250 8/1. Nickel deposited from an electrolyte with
a 350 g/1 concentration of nickel sulfate, however, has interna] stresses of
only 6-9 kg/sq mm.

It was shown that nfckel deposited from ordinary electrolyte causes a
sharp drop in the strength of steel (by 629). However, nickel deposited on
steel by electroplating from electrolytes with a high nickel content decreased
the fatigue strength of steel by only &.

Conclusions
———==uslons

Interna) stresses in nickel Plate increase ag the current density increases
and decrease ag the temperature inereases,

Changing the acidity of nickel electrolyte within the renge pE 4.5-5.7
has no effect on degree of stress in nickel deposits.

Stirring the electrolyte decreases the stress in nickel deposits.

Nickel deposited from an electrolyte with 350 g/1 of nickel sulfate
(at PH 1.2) has an internal stress of 7.5 kg/sq mn, whereas nickel deposited
from ordinary electrolyte hag stress of up to 28 kg/sq mm.

Through the Judicious selectlon of electrolyte and the electroplating
. process, it is possible to deposit nickel with altogether insignificant in-
ternal stress.
Literature

[Comment ; Article cites fcur Soviet references, all published since 19h5j

COMPARISON OF INTENSITY OF CORROSION IN CAST IRONS AND STEELS
i IN VARIOUS MEDIA

M. G. Timerbulatov, Candidate of
Technical “Séiences

Introduction
seirmoction

One of the important technical achievements of contemporary foundry work
is the development of the production of spheroidal graphite cast iron, first
called superstrong cast iron. This new structural material, because of its
good properties, is used in place of ordinary gray iron, nodular iron, malle-
eble iron, and carbon steel.

- 11 -
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Tests in g Solution of Sulfurie Acid

Tests were conducted at g temperature of 25%, After 6 hourg , the SPCh-P-45
with g bearlitic ang pearlitic-ferritic structure, had the éreatest cop.
rosive Tesistance. e SPCh~F-10 irep witha ferritic structure amgray iron scp
21-40 pag the least; midvay was the 30L steel, [Conment s Article giveg speeific
figures op the corrosion of these Specimens &g wal) 88 an extendeq explana-
tion of why one Spheroidal graphite cast iron corroded pore than the other, }

is eight times greater during the Tirst 6 hours than the eorrosion of cagt
iron with a ferritie structure, SPCh-F-10,

Spheroidal graphite cagt irons, just like grade 30L steel and gray jyop N
are not stable materials ip acigd solutiong where hydrogen separation oceurs.,

Tests in g Humid Chanmber
‘\\

L The Principal Tactors determining the rate of aﬁmospheric ¢orrosion ipn an
industrial region are humidity and aggressive gases,

To evaluate the corrosive Properties of the materials under study, labor-
atory testg Were conducted in a humig air chamber with an addition of sulfuy
dioxide,

The rate of eorrosion of the SPCh-F-1¢ cast iron is somevhat greater thanp
that of the other mterials during the first few days.

All ip all, however, there is little distinection between the corrosion
resistance of cast irons. The 301, steel ig somewhat legg Susceptible to
¢orrosion in g medium of humid aip and aggressive €ases than are the cast
irons.

Atmosgheric Corrosion Tests : . 1

Atmospheric corrosion tegts Were conducteq on the roof ofr the Centra) Sci«
entific Regearch Institute of Teehnology and Machine Building, vwhere the atmos-
Phere is highly Polluted wity industria) gases and ig sufficiently 8ggressive, ‘
The SPCh-F-1¢ cast iron haq g higher degree of corrosion, as it did in the lab-
oratory tests. This is brobably because the DProducts of corrosion do not ad-
here well, fall off, and thus . do not serve to Protect the base metal, However,

posure, however, the curves Tlattened out, Probably because the Products of
corrosion were suff‘iciently thick to protect the Specimens.
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These tests allow the following conclusions:

Spheroidal graphite cast irons with a pearlitic and pearlitic-ferritic
structure are affected by atmospheric corrosion Just as much as is gray iron.
The SPCh-F-10 cast iron undergoes more intensive corrosion; after a L-month
test in &n industrial atmosphere, the SPCh-F-10 iron undervent a 30% greater
¢orrosion than did gray iron.

The 30L steel is somewhat less subject to industrial atmospheric corrosion
(1in 120 days, 18% less than gray iron, and 8-50% less than spheroidal graphite
cast irons).

Cast-iron corrosion in an industrial atmosphere is considerably decreased
if the specimens have a casting skin.

Tests in a 3% Soiution of Sodium Chloride

Tests vere run in a 3% solution of sodium chloride to evaluate the be-
havior of the materials in sea water. i

Al)l the cast irons and the 30L steel were subject to about the same degree
of corrosion.

Tests_in a Spindle Apparatus

v} When metal is agitated in water and the water flow is increased, corrosion
is generally intensified because of the increase in the quantity of oxygen in
contact with the surface of the metal. Tests were conducted in a spindle ap-
paratus to study this phenomenon.

It was seen that spheroidal graphite cast-iron corrosion 1s decreased as
the ferrite in the structure is increased. After a 90-day test, the corrosion
of 8PCh-F-10 cast iron with a ferritic structure was 23 and 28§ less, respec-
tively, than the corrosion of SPCh-P-45 cast iron with a pearlitic-ferritic
and a pearlitic structure.

The corrosion resistance of the SPCh-P-45 cast iron with pearlitic-ferritice
structure was the same as the corrosion resistance of gray iron, while the cor-
rosion resistance of SPCh-P-L5 cast iron with a pearlitic structure was only

less.

The 30L steel had a 17% greater corrosion resistance than gray iron.

- Thus, the SPCh-F-10 cast iron with a ferritic structure fs more corrosion
resistant than other cast irons and 30L steel.

[Comment: Article includes a table listing the unit rates of corrosion of
. cast irons and steels in various .media. ]

Conclusions

1. The rate of corrosion of ferrous metals in a 3% solution of sulfuric
acid depends primarily on their structure, internal stresses, and admixtures.
The corrosion intensity of spheroidal graphite cest irons with pearlitic and
peariitic-ferritic structures during the first 6 hours of exposure was about
eight times greater then that of the SPCh-F-10 cast iron with a ferritic struc-
ture. Nelther spheroidal graphite cast irons, 30L steel, nor gray iron can be
regarded as corrosion resistant saterials in acid solutions.
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2. Spheroidal graphite cast irons with pearlitic &nd pearlitic-ferritic
structures undergo about the same corrosion in an industrial aimosphere as do

the gray iroms. The SPCh-F-10 cast iron undergoes & somewhat more intensive
corrosion. .

3. A castixig skin on the surface of cast irons greatly decreases their
corrosion in an industrial atmosphere.

L. A1l the cast irons studied as well as the 30L steel undergo equal cor-
rosion in a 3$ sodium chloride solution. It can be assumed that, In at lemst

the initial period, these materials have the same corrosion resistance to sea
water.

5. The SPCh-F-10 cast iron is more resistant to corrosion than other cast
irene (up to 38) in flowing water.

Literature

[Comment: Article cites six

Soviet references, four of which bear publi-
cation dates of 1950 or later. ]

INVESTIGATION OF CORROSION RESISTANCE OF EIL96 STEEL
IN REFINING OF SULFUROUS PETROLEUM

Ye. D. Surovtseva, Engineer
Ye. M. lapitskays, Engineer
N. V. Sukhobokova, Engineer

Introduction

The increase of operating temperatures and pressures in the refining of

sulfurous petroleum has increased the acuteness of the need of combating cors
rosion.

In recent years, the low-carbon ; high-chromium EIL96 steel has been videly i

used in the manufacture of corrosion-resistant oil equipment. This steel ig i |

used primarily to clad other metals. The EI496 steel ; 88 distinguished from ! i

carbon steels, has a high degree of corrosion resistance against the action of ! i

sulfur comprundsat high temperatures (hydrogen sulfide, etc.). Nonetheless, in :

some media (containing hydrogen chloride and water or sulfur compounds and hy=- ' !

drochloric acid), this steel 15 not corrosion resistant. However, there are ‘ 4

s no published data on the corrosion resistance of EIL96 steels used in refining : 1

sulfurous petroleum or on the corrosion resistance of welded joints in high~
chromium steel.

This article examines the corrosion resistance of EIW96 steel, welded jJoints : ‘
of this steel, and St 3 steel as used in oil-refining equipment.

Conclusions : |

1. The EIL96 steel underwent practically no corrosive destruction (weight

loss during 12 months was 0.026 g/sq m hour). There was practically no change ‘
in thickness.

2. The St 3 steel underwent considerable corrosive destruction (veight ‘
loss during 12 months was 1.86 g/sq m hour, thickness decrease of 5.98 mm/year).

T 1
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3. Welded Joints in EIk96 steel, with nonstabilized type 25-20 electrodes, i
had a tendency toward intercrystalline corrosion. ’

L. Welded Joints in ETkg6 8teel, with stabilizeq type 18-8 electrodeg
with niobium, had no tendeney toward intercrystalline corrosion.

METHOD OF TESTING STEEL FOR GAS CORROSION AT HIGH TEMPERATURES

Ye. A, Davidovska_ya, Candidate of
Pechnical Scienceg
L. P. Kestel', Engineer

The investigation of &8s corrosion in metals at high temperatures {s one
of the most difficult » lengthy, and 1east-developed corrosion study.

There are many methods for Studying gas corrosion; nearly every researcher
develops his own individual method, K

This situation indicates the great need of establishing a uniform procedure
for testing the high-temperature corrosion resistance of metals and alloys.

-3 [Comment Article describes 1n some detall the method developed at the
Central Scientific Research Institute of Technology and Machine Building for
testing the gas corrosion resistance of metals at temperatures of 300-1,100° ¢.]
Conclusions
<=-t-usiong

The method for the high temperature testing of steels described herein
Served as the basis for the creation of a GOST {state all-union standard) for
the testing of steel for gas corrosion at high temperatures.

Literature

[Comeué: Article cites five sources, three of which are Soviet, none latep
than 1947.]
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